Summary: This study examined the development of the CSA of the superficial and deep digital flexor tendon (SDFT and DDFT) and of the accessory ligament of the DDFT (AL-DDFT) in both forelimbs of six 2-year-old Thoroughbreds (TB), ten 2-year-old Standardbreds (SB), five 2-year-old Quarterhorses (QH) and ten 2-year-old German Warmblood Riding horses (WB) during one year with the hypothesis that it would be different among breeds. The initial CSA measurements were done in the yearling QH in November and thereafter in March, July and November of their 2-year-old season, and in the horses of all other breeds the measurements were in January, April, August and December of their 2-year-old year. The CSA was measured with ultrasound at four cm intervals, starting four cm distal from the distal border of the accessory carpal bone down to the metacarpophalangeal joint. The TB and SB were in race training, the WB were halter trained and the 2-year-old QH were schooled for western riding. For the SDFT, breed, CSA at specific distances distal to the distal border of the accessory carpal bone, (p < 0.001 both) and the interaction of breed and the CSA at specific distances distal to the distal border of the accessory carpal bone were significant (p < 0.05), but there was no significant difference between forelimbs (p > 0.05). The overall CSA from all measurements points was smallest in QH, largest in TB and WB, with SB having a CSA measurement between the other breeds. The overall CSA of SDFT in TB did not change during the observation period. However, in QH and WB there were significant decreases in the CSA, and these decreases varied between the CSA measured at specific distances distal to the distal border of the accessory carpal bone. In addition, in SB there were significant increases in the overall CSA measurement of the SDFT, followed by a decrease from August to December with CSA returning to initial values (p< 0.05 at least for all). For the DDFT too, breed, CSA at specific distances distal to the distal border of the accessory carpal bone, as well as the interaction of breed and the CSA at specific measurement points were significant (p < 0.001 all), but there was no significant difference between forelimbs (p > 0.05). The overall CSA from all specific distances distal to the distal border of the accessory carpal bone of DDFT was smaller in QH than in the horses of the other breeds studied (p < 0.01). There were no significant differences in the overall CSA among the TB, SB and WB. Few changes in the CSA of DDFT at the measurement points occurred during the observation period in QH and TB. In contrast, the SB CSA in both forelimbs decreased at 4 cm, 8 cm and 12 cm during the year of observation. However, CSA increased 20 cm and 24 cm distal to the distal border of the accessory carpal bone between January and August, returning to the initial levels thereafter (p < 0.05 at least for all). In WB, CSA of DDFT decreased continuously during the observation period at several measurement points in both forelimbs (p < 0.01 at least). For the AL-DDFT, CSA measurements were taken at 4cm and 8cm distal of the distal border of the accessory carpal bone only. The size of AL-DDFT CSA differed among breeds and specific distances distal to the distal border of the accessory carpal bone (p < 0.001 both). QH had the smallest overall CSA (p < 0.01 at least) while among the horses of the other breeds, the overall CSA did not differ (p>0.05 among all). The QH also did not have any change in the CSA of AL-DDFT during the observation year at any specific distance distal to the distal border of the accessory carpal bone or between limbs (p > 0.05). In comparison, SB CSA of AL-DDFT increased at the 8 cm measuring point in the left forelimb between January and August and then decreased below the initial value by December (p < 0.01). There were no changes of CSA of AL-DDFT in the left forelimb of TB, while in the right forelimb CSA increased continuously at 4 cm and 8 cm distal to the distal border of the accessory carpal bone between January and August and then returned to the levels measured in January (p < 0.05). In WB CSA of AL-DDFT decreased continuously during the year of observation at all measurement points in both forelimbs (p < 0.01 at least). In conclusion, the development of the CSA of flexor tendons in 2-year-old horses varied markedly among breeds and during the year of observation. It remains to be proven whether the changes are due to genetics only or the management and especially the physical training of the horses played a role.
Introduction
The development of the cross sectional area (CSA) of flexor tendons in 2-year-old horses has not been followed in practice and there are few studies on the effect of physical training on the cross sectional area (CSA) of flexor tendons in horses, mainly in Thoroughbreds (TB; Gillis et al. 1993 , Birch et al. 1999a , Kasashima et al. 2002 , Perkins et al. 2004 , Firth 2006 , Moffat et al. 2008 , one in Standardbreds (SB; Voswinkel 2009), and one in Dutch Warmblood Riding Horse foals (WB; . The results of these studies do not allow for clear conclusions on the possible role of physical training on CSA due to the few types of exercise examined and one breed used mainly. observed that SDFT in Dutch WB foals with larger CSA ruptured at higher loads than that of Dutch WB with smaller CSA. This experimental finding is supported by Smith et al. (1994) observing in practice SDFT lesions in several TB horses having smaller CSA than horses without a lesion. Thus, increasing CSA of SDFT could reduce injury rate and therefore the threat on the sports career of horses.
Interventional physical training studies are very expensive in horses because of the time and effort involved. Therefore the examination of the development of the CSA of flexor tendons in horses of different breed could provide additional information at least on the magnitude of CSA changes. The measurement of CSA through ultrasound can be made readily and safely in practice without disrupting the management and training programs of horses (Birch et al. 1999 b) . Thus, in this study the development of the CSA of the flexor tendons in 2-year-old Quarterhorses (QH), SB, TB and German Warmblood Riding horses (WB) during one year was examined with the hypothesis that the CSA would develop differently among breeds. Overall the work should contribute information on the development of the CSA of the flexor tendons in young horses and eventually provide for new hypotheses on the possible effect of physical training. Development of the cross sectional area of flexor tendons in the metacarpal region A. Köster et al.
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Material and Methods

Horses
The study was done with horses that were under continuous commercial veterinary surveillance to monitor performance. The data of 10 SB (7 colts, 3 fillies), 10 WB (all colts), 6 TB (3 colts and 3 fillies) and 5 QH (3 colts and 2 fillies) could be used for the evaluation. The CSA of SDFT, DDFT and AL-DDFT of all horses was measured four times during 12 months. The first measurement of CSA in QH took place in November of their yearling age and thereafter in March, July and November of their 2-year-old season. All other horses were measured in January, April, August and December of their 2-year-old season. All horses of a breed were stabled in the same premise. The SB and TB were in training for racing (training described in b, Wegener et al. 2012) , the QH were halter broken as yearlings and were further schooled for reining during their 2-year-old season while the WB were accustomed to saddle and bridle, gently ridden for few weeks and kept on pasture during the remainder of the year.
Experimental procedure
Horses were placed for all measurements in a quiet area of the respective barns on firm ground. Care was taken that the horses did not move significantly by placing an experienced horse handler holding the head. To determine the withers height (WH), each horse was squared up and stood still while a commercially available measuring stick (no specific brand -rigid pole with a cross bar that could be raised or lowered to rest on the horse s withers) was used to determine in cm the withers height. The horizontal position of the cross bar was verified with a spirit level. The head of the horses was held in a comfortable position for the person holding the reins and the neck of the horses being somewhat higher proximal than distal to produce repeatable values (Lamas et al. 2007 ). The body weight (BW) was obtained by weighing the horses on a transportable commercial scale (Horse weight, Wales, UK). The accuracy of the scale was ±100g. The weigh scale was not available to weigh the WB in August and December, and neither was it possible to determine their withers height in December.
For the CSA measurements both forelimbs were clipped palmar over the metacarpal area. The skin was thoroughly cleaned, alcohol and ultrasound gel applied (Sonogel® Sonogel Vertriebs GmbH, Bad Camberg, Germany). Structures were measured at four cm intervals, starting four cm from the distal border of the accessory carpal bone down to the metacarpophalangeal joint. A tape measure was used to localize the right location for measurements. At each interval the ultrasound picture was frozen and the CSA for each structure measured on the screen. DDFT and AL-DDFT were measured separately as far distal as possible (as far as there was a clear separation line).
A Pie Data Scanner 100 Vet with a 8.0 MHz linear transducer and a commercial off stand was used for all measurements (Pie Data Elektronik GmbH, Dorsten, Germany).
Statistical analyses
The normal distribution of data was confirmed using the Kolmogorov-Smirnov test. Data are shown as mean ± standard deviation (STD). Analysis of variance for repeated measures was used to compare among and within breeds, specific distances distal to the accessory carpal bone and forelimbs. Fisher s test was applied as a post-hoc test when significant Development of the cross sectional area of flexor tendons in the metacarpal region A. Köster et al.
Pferdeheilkunde 30 (2014) 544 effects were found. The relationship between BW and WH with CSA measurements was investigated with linear regression analysis. p < 0.05 was defined as the level to denote a significant difference. CSA of AL-DDFT distal to 8 cm of the distal border of the accessory carpal bone was not analyzed statistically because in many horses it was not separated from DDFT anymore.
Results
The BW of SB and TB increased continuously while that of QH had a reduction between the first and second measurement, and then increased continuously only (p < 0.01 at least for all; Table 1 ). The BW of WB could not be analyzed because data in August and December were not available. The WH in horses of all breeds increased continuously during the year of observation (p < 0.001; Table 1 ).
There were no relationships between BW and CSA of SDFT for either forelimb at the different measuring points distal to the distal border of the accessory carpal bone in QH and TB while in SB there were several, mainly in the right forelimb (Table 2) . For DDFT there were no significant relationships with BW in QH and SB and few ones in TB (Table 2) . Finally, for AL-DDFT there were no relationships with BW in TB, but some in QH and SB (Table 2 ). There were no significant relationships between CSA of SDFT at the different points of measurement and WH in QH, TB and WB while in SB there were positive relationships at 16 cm and 20 cm in both forelimbs (Table 3) . For DDFT there were positive relationships with WH at 12 cm Development of the cross sectional area (mm 2 ) of the superficial digital flexor tendon in the forelimbs of 2-year-old Quarterhorses during one year (n = 5; Mean ± STD; Y-Axis starts at 65 mm 2 ) Entwicklung der Querschnittsfläche (mm 2 ) der oberflächlichen Beugesehne der Vordergliedmaßen von 2jährigen Quarterhorses wäh-rend eines Jahres (n = 5; Mittelwert ± Standardabweichung; Y-Achse beginnt bei 65 mm 2 ) Fig. 2 Development of the cross sectional area (mm 2 ) of the superficial digital flexor tendon in the forelimbs of 2-year-old Standardbreds during one year (n =10; Mean ± STD; Y-Axis starts at 60 mm 2 ) Entwicklung der Querschnittsfläche (mm 2 ) der oberflächlichen Beugesehne der Vordergliedmaßen von 2-jährigen Trabrennpferden während eines Jahres (n =10; Mittelwert ± Standardabweichung; Y-Achse beginnt bei 60 mm 2 ) distal to the distal border of the accessory carpal bone in both forelimbs of SB and TB only (Table 3) . The same holds for the AL-DDFT in SB at 4 cm and 8 cm distal to the distal border of the accessory carpal bone of the left forelimb and in WB at 4 cm in the right forelimb and 8 cm in the left forelimb.
Superficial digital flexor tendon (SDFT)
Breed, specific distance distal to the distal border of the accessory carpal bone (p < 0.001 both) as well as the interaction of breed and specific distance distal to the distal border of the accessory carpal bone had an effect on CSA of SDFT (p < 0.05), but there was no effect of forelimb (p > 0.05). The CSA of SDFT was smallest in QH, largest in TB and WB while that of SB was in between that of the other breeds. In QH there were few significant changes of SDFT CSA during the year: in the left forelimb CSA decreased 4 cm distal to the distal border of the accessory carpal bone (p < 0.01) and in the right forelimb it decreased at 20 cm, and 24 cm (p = 0.01 both). These changes were significant between the second and fourth measurement of the year (Figure 1 ).
In the right forelimb of SB CSA of SDFT increased 8 cm and 12 cm distal to the distal border of the accessory carpal bone only (p < 0.05 and p < 0.01 resp.) while in the left forelimb CSA increased at all specific distances distal to the distal border of the accessory carpal bone but for 24 cm (p < 0.05 at least). The increases occurred within the first three measurement dates but became significant at several specific distances distal to the distal border of the accessory carpal bone between the first and third measurement date only (p < 0.05 Development of the cross sectional area of flexor tendons in the metacarpal region A. Köster et al.
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In WB CSA of SDFT decreased during the year at all distances distal to the distal border of the accessory carpal bone (at least p = 0.01) in the right forelimb while this holds for CSA at 4 cm, 8 cm, 12 cm (p < 0.001 all) and 24 cm only in the left forelimb (p < 0.05). The largest decreases were between the first and second measurement date in both forelimbs (all at least p < 0.05) and values tended to remain stable or decrease less thereafter (Figure 4 ).
Deep digital flexor tendon (DDFT)
Breed, distance distal to the distal border of the accessory carpal bone as well as the interaction of breed and distance distal to the distal border of the accessory carpal bone had an effect on CSA of DDFT (p < 0.001 all), while forelimb did not (p > 0.05). The CSA of DDFT was smaller in QH than in horses of all other breeds (p < 0.01) while there were no distinct differences among the others (p > 0.05).
Few changes of DDFT CSA occurred during the observation period in QH. It decreased continuously during the observation period at 12 cm distal of the distal border of the accessory carpal bone (p < 0.01; Figure 5 ).
In SB CSA of DDFT changed during the observation in both forelimbs at all specific distances distal to the distal border of Fig. 3 Development of the cross sectional area (mm 2 ) of the superficial digital flexor tendon in the forelimbs of 2-year-old Thoroughbreds during one year (n = 6; Mean ± STD; Y-Axis starts at 80 mm 2 ) Entwicklung der Querschnittsfläche (mm 2 ) der oberflächlichen Beugesehne der Vordergliedmaßen von 2-jährigen Galopprennpferden während eines Jahres (n = 6; Mittelwert ± Standardabweichung; Y-Achse beginnt bei 80 mm 2 ) Fig. 4 Development of the cross sectional area (mm 2 ) of the superficial digital flexor tendon in the forelimbs of 2-year-old German Warmblood Riding Horses during one year (n =10; Mean ± STD; Y-Axis starts at 80 mm 2 ) Entwicklung der Querschnittsfläche (mm 2 ) der oberflächlichen Beugesehne der Vordergliedmaßen von 2-jährigen Deutschen Warmblutpferden während eines Jahres (n =10; Mittelwert ± Standardabweichung; Y-Achse beginnt bei 80 mm 2 ) the accessory carpal bone but for 16 cm (p > 0.05). In both forelimbs the CSA decreased at 4 cm, 8 cm and 12 cm during the year of observation while at 20 cm and 24 cm it increased between January and August and returned thereafter to the initial levels (p < 0.05 at least; Figure 6 ).
In TB there were no changes of the CSA of DDFT but for an increase 16 cm distal to the distal border of the accessory carpal bone in the right forelimb from January to April to August (p < 0.01 both). Values returned to the initial level thereafter (p < 0.05; Figure 7 ).
In WB CSA of DDFT decreased continuously during the observation period at the specific distances distal to the distal border of the accessory carpal bone of 8 cm, 20 cm and 24 cm in the left forelimb (p < 0.01 at least) and at the same distances distal to the distal border of the accessory carpal bone and at 12 cm in the right forelimb (p < 0.01 at least; Figure 8 ).
Accessory ligament of the deep digital flexor tendon (AL-DDFT)
The CSA of the AL-DDFT could not be measured accurately below the level of 8 cm in most QH and SB, in two of six TB and one of ten WB. Thus, this evaluation was done for 4 cm and 8 cm distal of the border of the accessory carpal bone only.
Pooled data of all horses, specific distances distal to the distal border of the accessory carpal bone and dates showed that the development of AL-DDFT CSA differed among breeds and specific distances distal to the distal border of the accessory carpal bone (p < 0.001 both) and there were no diffeDevelopment of the cross sectional area of flexor tendons in the metacarpal region A. Köster et al.
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Separating the data by breed, specific distances distal to the distal border of the accessory carpal bone and date demonstrated no change during the observation year at any specific distance distal to the distal border of the accessory carpal bone and forelimb on the CSA of AL-DDFT in QH (p > 0.05 all).
In SB CSA of AL-DDFT increased 8 cm distal to the distal border of the accessory carpal bone in the left forelimb between January and August and then decreased below the initial value by December. There were no significant changes in the right forelimb (p > 0.05).
There were no changes of CSA of AL-DDFT in the left forelimb of TB while in the right forelimb CSA increased continuously 4 cm and 8 cm distal to the distal border of the accessory carpal bone between January and August and returned then to the levels measured at the beginning of the observation year (p < 0.05 at least). In WB CSA of AL-DDFT decreased continuously during the year of observation at all specific distances distal to the distal border of the accessory carpal bone in both forelimbs (p < 0.01 at least).
Discussion
This study presents data on the development of the CSA of flexor tendons in the metacarpal region of the forelimbs of horses Development of the cross sectional area (mm 2 ) of the deep digital flexor tendon in the forelimbs of 2-year-old Standardbreds during one year (n =10; Mean ± STD; Y-Axis starts at 60 mm 2 ) Entwicklung der Querschnittsfläche (mm 2 ) der tiefen Beugesehne der Vordergliedmaßen von 2-jährigen Trabrennpferden während eines Jahres (n =10; Mittelwert ± Standardabweichung; Y-Achse beginnt bei 60 mm 2 ) of four different breeds during their 2-year-old season. Studies describing the CSA of flexor tendons in horses have been published before, but not for QH and WB. In the majority of studies the CSA of SDFT was measured in TB (Gillis et al. 1995a , Celimli et al. 2004 , Smith et al. 2004 , Reis and Baccarin 2010 , Pickersgill et al. 2011 . Other breeds for which CSA of SDFT has been described are SB (Herslow et al. 2001 , Voswinkel 2009 ), National Hunt horses (Pickersgill et al. 2011) , ponies and Irish Draught horses (Smith et al. 1994) , Haflinger (Boehart et al. 2010) , Purebred Spanish Horses (Agut et al. 2009 ) and Purebred Arabians (Celimli et al. 2004 ).
The development of CSA of SDFT varied markedly among horses of the breeds examined in this study. In TB it did not change at all despite being in training for racing (Lindner et al. 1992 a, b) , in QH and WB there were significant decreases with varying magnitude among specific distances distal to the distal border of the accessory carpal bone, and in SB there were significant increases between January and August, when the volume or the intensity of racing training increased continuously (Wegener et al. 2012 ) and a decrease thereafter when the training volume was reduced. Few other groups have investigated the development of CSA of SDFT in horses under practice conditions. Again the majority of these studies are in TB (Gillis et al. 1993 , Perkins et al. 2004 ) but for one in SB (Voswinkel 2009 ). The study of Cherdutham et al. (2001 a) was on Dutch Warmblood foals not comparable to the age group examined in this study, but they found that the SDFT of foals with free pasture exercise had larger CSA than in those kept in box or given additional exercise. Also Voswinkel (2009) observed a larger increase of the CSA of SDFT in SB between 50 and 500 days old that moved more than others.
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The findings in the cited studies and in the present one allow for the assumption that physical training increases CSA of SDFT in horses. This has been shown to some extent in experimental studies in TB of different age too (Birch et al. 1999a , Kasashima et al. 2002 . The same holds for studies done in other mammals (Elliott 1965) and in man where strength training, repetitive and intermittent loading type of training increase CSA of patellar and Achilles tendon (Rosager et al. 2002 , Kongsgaard et al. 2005 , Kongsgaard et al. 2007 , Arampatzis et al. 2007 , Seynnes et al. 2009 ) possibly making it more resistant to injuries. It remains to be better examined whether this is the case in horses too (Firth 2006 ), but describe higher loads to rupture in Dutch WB foals with larger CSA of SDFT than in those with smaller CSA. This finding is supported by the clinical observation of Smith et al. (1994) in a study on healthy tendons that TB with SDFT lesions had smaller CSA. Thus, increasing CSA of SDFT could reduce injury rate although this may not be attributable only to the larger CSA but also to adaptations in collagen fibril diameter distribution (Cherd- Fig. 7 Development of the cross sectional area (mm 2 ) of the deep digital flexor tendon in the forelimbs of 2-year-old Thoroughbreds during one year (n = 6; Mean ± STD; Y-Axis starts at 60mm
2 ) Entwicklung der Querschnittsfläche (mm 2 ) der tiefen Beugesehne der Vordergliedmaßen von 2jährigen Galopprennpferden während eines Jahres (n = 6; Mittelwert ± Standardabweichung; Y-Achse beginnt bei 60 mm 2 ) Fig. 8 Development of the cross sectional area (mm 2 ) of the deep digital flexor tendon in the forelimbs of 2-year-old German Warmblood Riding Horses during one year (n =10; Mean ± STD; Y-Axis starts at 60 mm 2 ) / Entwicklung der Querschnittsfläche (mm 2 ) der tiefen Beugesehne der Vordergliedmaßen von 2-jährigen Deutschen Warmblutpferden während eines Jahres (n =10; Mittelwert ± Standardabweichung; Y-Achse beginnt bei 60 mm 2 ) chutham et al. 2001 b) and biochemical composition of the tendon (Cherdchutham et al. 1999) .
In this study, the only horses with an increase of CSA of SDFT were the SB, albeit it decreased again towards the end of the observation period. In TB there was no change at all and in QH and WB decreases only. Genetics are likely to play a role, but training could be of importance too in the development of flexor tendons. The obvious difference between the training of SB and TB is that SB pull a sulky at trot speeds of up to 14 m/s while TB gallop under a rider for speeds of up to 20 m/s. In addition, SB are exercised for longer duration at moderate speeds than TB a and b, Voswinkel 2009 , Wegener et al. 2012 ) while intensity and duration of the training of the QH and WB involved was much lower and shorter than in SB and TB. Elliott (1965) conclude already that the CSA of a tendon might be related to the average tension transmitted and possibly to the duration of the effort. Another indication of a physical training effect is the decrease of CSA of SDFT in SB to the levels before August between August and December, a period when training workload is reduced towards the end of the year.
The CSA of DDFT in 2-year-old horses of all breeds studied had fewer changes during the year of observation than the SDFT, but changes differed among breeds too. In TB again there were almost no changes during the year, and the same holds in QH. In SB development depended on the distance distal to the distal border of the accessory carpal bone: CSA values reduced between January and August at the more proximal levels while at the distal levels they augmented. Thereafter, between August and December values at all levels returned to levels before August. Diverse effects of loading at different levels of tendons have been described before in man too (Rosager et al. 2002 , Kongsgaard et al. 2005 , Kongsgaard et al. 2007 ).
In WB CSA of DDFT decreased continuously during the observation period at several specific distances distal to the distal border of the accessory carpal bone in both forelimbs. The only other published study that looked into the changes of DDFT CSA with time is the one of Voswinkel in SB (2009). Voswinkel (2009) measured larger CSA of DDFT in SB that moved more. All other studies provide reference data on CSA of DDFT only: for TB Smith et al. (1994) and Gillis et al. (1995 a) , for Haflinger Boehart et al. (2010) , for SB Herslow et al. (2001) and for Purebred Spanish Horses Agut et al. (2009) . Overall, the data basis for assuming that physical training had an effect on CSA of DDFT is much smaller than for CSA of SDFT, but the same arguments presented earlier in this article for SDFT may provide for such a hypothesis too. The differential behaviour of the more proximal and more distal distances to the distal border of the accessory carpal bone might be due to contrasting biomechanical effects of gait and loading in horses.
The CSA of AL-DDFT could not be measured distal of 8 cm from the border of the accessory carpal bone in most 2-yearold QH and SB, in two of six TB and one of ten WB because it became one with the DDFT. Therefore, for comparison purposes the measurements 4 cm and 8 cm distal to the distal border of the accessory carpal bone only were analyzed further. Here too, the development of AL-DDFT CSA differed among Development of the cross sectional area of flexor tendons in the metacarpal region A. Köster et al.
Pferdeheilkunde 30 (2014) 548 breeds and specific distances distal to the distal border of the accessory carpal bone. The CSA of AL-DDFT in QH did not change during the observation year, in WB it decreased continuously at all specific distances distal to the distal border of the accessory carpal bone and in both forelimbs, in SB it increased 8 cm distal to the distal border of the accessory carpal bone in the left forelimb between January and August and then decreased below the initial value by December. In the TB it increased continuously at 4 cm and 8 cm distal to the distal border of the accessory carpal bone between January and August and returned then to the levels measured at the beginning of the observation period, but in the right forelimb only. In general terms the developmental trends of AL-DDFT are similar to those of SDFT and DDFT in horses of the different breeds, but for in TB. A satisfactory explanation for this contrasting behaviour of the right forelimb in TB is not available at present. In literature no description of the development of AL-DDFT over time was found being the least investigated of the tendons measured in this study. Reference data is provided for TB by Smith et al. (1994) , for Purebred Spanish Horses by Agut et al. (2009) and for Haflinger by Boehart et al (2010) .
BW and WH were related positively with CSA of SDFT, DDFT and AL-DDFT when data of all horses, measurement levels and dates were pooled for analysis. These relationships imply that the comparison of the CSA of flexor tendons among breeds does not make much sense. The relationships became less frequent and evident after differencing for breed and the specific distances distal to the distal border of the accessory carpal bone. This is logical due to the much lower number of values and eventually smaller spread of them in each comparison category. However, it shows also that other factors besides BW and WH play roles in determining CSA of flexor tendons in horses. Several other authors have found positive relationships between BW and CSA of SDFT, DDFT (in ponies Smith et al. 1994 , in SB Voswinkel 2009 ) and even AL-DDFT (in ponies Smith et al. 1994) . Purebred Spanish Horses with higher body mass index (BMI) had higher CSA of SDFT, DDFT and AL-DDFT too (Agut et al. 2009 ). In contrast, Boehart et al. (2010) did not find a relationship between BMI and CSA of SDFT and DDFT in Haflinger and neither did Smith et al. (1994) in Irish Draught Horses and TB between BW and CSA of SDFT, DDFT and AL-DDFT and Gillis et al. (1995 a, b) for SDFT in 2-year-old TB. The WH and CSA of SDFT and DDFT were related in SB according to Voswinkel (2009) and in ponies -including AL-DDFT -according to Smith et al. (1994) , whilst Boehart et al. (2010) did not find a relationship between WH and CSA of SDFT and DDFT in Haflinger, but for a higher CSA of DDFT 16 cm distal to the distal border of the accessory carpal bone, and Smith et al. (1994) none in Irish Draught horses and TB. Thus, BW and WH are factors related to some extent positively with the CSA of the flexor tendons in horse, but other factors like the level of activity at the date of measurement and during life might have a larger influence.
Conclusions
The most important finding in this study is the differential change of CSA of SDFT in horses of different breeds during the observation period. As the different breeds underwent substantially different training programmes, this can indicate that training may affect CSA of the SDFT which in turn may have an influence on injury resistance. This is vital for raceand sporthorses because SDF tendonitis is among the most common of their musculoskeletal injuries (Gibson et al. 2002 , Murray et al., 2006 , Singer et al. 2008 , PattersonKane and Firth 2009 , O'Meara et al 2010 , Clegg 2012 . Prove of this could be provided by examining the effect of the physical training of SB in horses of other breeds and through long-term sonographic follow up of the CSA of flexor tendons in horses during their sports career.
